Yersinia enterocolitica, an important food-borne enteric pathogen is associated with various clinical manifestations ranging from self-limited gastroenteritis to more invasive syndrome such as terminal ileitis and mesenteric lymphadenitis. The main aim of this study was to investigate the incidence of Y. enterocolitica in milk samples. For this purpose, one hundred (100) samples of raw cow's milk were collected from the western Algeria region. Seventeen (17) 
INTRODUCTION
Yersinia enterocolitica, which was first described in 1934 as a small Gram-negative coccobacillus psychrotolerant enterobacterium, isolated from several environmental sources, that is, foods and human clinical samples are a causative organism in several out-breaks of gastroenteritis, in which foods were implicated (Bottone, 1999; Soltan-Dallal et al., 2004; Lambertz and Danielsson-Tham, 2005) . In recent years, Y. enterocolitica has been the third most common cause of food borne diseases after Campylobacter spp. Y. enterocolitica has six biotypes, biotypes 1B, 2, 3, 4, and 5 which are known to be pathogenic and those of biotype 1A are considered as nonpathogenic (Bottone, 1999; Soltan-Dallal et al., 2004) . The biotype 1A strains are generally regarded as non-virulent. They lack pYV plasmid and major chromosomal virulence genes. Despite this, some biotype 1A strains produce disease symptoms indistinguishable from that produced by known pathogenic biotypes (1B, 2-5). Some biotype 1A strains are able to invade epithelial cells, resist macrophages and carry genes associated with virulence (Tennant et al., 2003; Bhagat and Virdi, 2010) . The ystB gene is widely distributed in Y. enterocolitica biotype 1A strains where the production of Yersinia stable toxin Yst-b is the major contributor to diarrhea produced by biotype 1A strains (Singh and Virdi, 2004b) .
The frequent association of Y. enterocolitica with raw milk (Bernardino-Varo et al., 2013) and the ability of this organism to grow in milk at refrigeration temperatures (Bari et al., 2011) have been well documented. Some Y. enterocolitica biotypes are considered as the major prevalent milk-borne pathogens (Bernardino-Varo et al., 2013) ; they are responsible for gastroenteritis and other syndromes in humans and animals (Huovinen et al., 2010; Singh and Virdi, 2004b) . Thus, its control is important for the s a f e t y of refrigerated dairy products (Ye et al., 2014) . Y. enterocolitica has been isolated from raw milk and pasteurized dairy products in several countries e.g. in the USA (Jayarao and Henning, 2001) , China (Wang et al., 2010; Ye et al., 2014) , Mexico (Bernardino-Varo et al., 2013) , Brazil (Falcão et al., 2006) , Iran (Soltan-Dallah et al., 2004; Rahimi et al., 2014; Jamali et al., 2015) , India (Subha et al., 2009 ), Turkey (Guven et al., 2010) , Nigeria (Okeke and Okwori, 2014) , Egypt (Darwish et al., 2015) and other countries. In Algeria, the raw milk is still frequently consumed. National production of raw cow's milk is estimated at 2.3 billion liters. Only a third of this quantity is integrated to the industrial plants (ITELV, 2012) , therefore, the most important issue about Y. enterocolitica is its control in raw milk and derivatives.
A broad spectrum of antibiotics has been widely used in agriculture to treat infections and improve growth and feed efficiency in livestock and poultry (Mathew et al., 2007) . The need to use antibiotics in the treatment of humans and animals may lead to the development of mechanisms resistance antibiotic, causing a growing risk to human and animal health (Perkowska et al., 2011) . For this reason, the use of antibiotic growth promoters in animal production must be prohibited or controlled in each country (Singh and Virdi, 2004a) . Moreover, Y. enterocolitica produces beta-lactamase (penicillinase and cephalosporinase) that make them naturally resistant strains to Penicillins and Cephalosporins first and second generations (Singh and Virdi, 2004a) . Systematic monitoring of the susceptibility of bacterial strains, including Y. enterocolitica, must therefore be regarded as highly justified to ensure appropriate treatment of humans and to limit the spread of microorganisms' drug resistance in animals (Perkowska et al., 2011) .
MATERIALS AND METHODS

Sampling
One hundred (100) raw cow's milk samples were collected aseptically from cans and tanks at the level of the dock receipt of dairy plant "Giplait Mansourah" located in Tlemcen city (northwest of Algeria) Samples were taken in a 250 mL sterile container, then transported to the laboratory in ice boxes. The journey took 15 min. At the laboratory, samples were immediately processed. Raw cow's milk collected at the dairy is from different areas of Western Algeria: Ain-Temouchent, Ain-Youcef Amieur, Beni Mester, Mansourah, Ouled Mimoun, Remchi, Sabra, Sebdou, Sidi Bel-Abbès and Tlemcen. Milk was brought by farmers in the early morning in cans and refrigerated tank trucks. The study covers the period from January to October 2013. On average, 2 to 3 samples per week were used. The number of farmers is about 700 with an average of 8 cows/ breeder.
Isolation and isolates identification
Y. enterocolitica strains were isolated using two enrichment steps, a pre-enrichment in Peptone Sorbitol Bile salts broth (PSB broth, Fluka, India) and an enrichment in Irgasan, Ticarcillin and potassium Chlorate broth (ITC broth, Fluka, India). One milliliter of each sample was added to 10 mL of PSB broth. The presumptive presence of Y. enterocolitica was checked after 4 weeks (28 days) of incubation at 4°C without shaking. One milliliter of each pre-enriched culture in PSB broth was added to 10 mL of ITC broth and incubated at 25°C for 48 h without shaking. In order to reduce the background contaminating flora, Aulisio's alkali treatment method was performed: 0.5 mL of each enriched ITC broth was treated with 4.5 mL of 0.5% KOH solution (prepared in 0.5% NaCl solution), stirred for 20 s (AFNOR, 2003) . Then, a loopful of the mixture was streaked immediately on Mac Conkey agar (Fluka, India) and Cefsulodin, Irgasan Novobiocin agar (CIN agar, Fluka, India) and incubated for 24 to 48 h at 30°C ( Figure  1 ). The presumptive isolates were exanimate by biochemical tests as described by the ISO 10273:2003 horizontal method for the detection of presumptive pathogenic Y. enterocolitica with the following tests: Gram staining, oxidase, catalase, indole production, tryptophane deaminase, glucose and lactose fermentation, gas formation from glucose, H2S production, lysine decarboxylase, utilization of Simmons citrate, esculin hydrolysis, reduction of nitrate, mobility at 25 and 37°C and fermentation of xylose, mannitol and trehalose (Table 1) (AFNOR, 2003) . The isolates were further identified by using the API 20E (BioMerieux, France). This system is still accepted as the good standard for the rapid identification of Y. enterocolitica (Tudor et al., 2008) . The identification of biotype relies on a panel of biochemical tests as described in the ISO 10273-2003 method, allowing differentiation of pathogenic biotypes from the non-pathogenic biotype (AFNOR, 2003) . The protocol of Y. enterocolitica isolation from raw milk and following identification and pathogenicity determination of the isolated strains is schematized in Figure 1 .
Real-time PCR for detection of ystB gene
The PCR assays have been developed as an efficient tool for (Lambertz and DanielssonTham, 2005) . Real time PCR targeted the chromosomally-located ystB gene that is present in all Y. enterocolitica strains (Wang et al., 2010) . Strains were sub-cultured on (plate count agar) PCA at 30°C for 24 h. DNA was extracted from colonies with QIAamp DNA mini kit (Qiagen, USA) following the manufacturer's instructions. All PCR were performed on a CFX96 Real-Time PCR Detection System (Bio-Rad, Hercules, California), in a final volume of 25 μl with the Sybr® Green JumpstartTMTaqReadyMix TM (SigmaAldrich, Saint Louis, Missouri). The primers used in this study, were (5′-GTA CAT TAG GCC AAG AGA CG-3′) and (5′-GCA ACA TAC CTC ACA ACA CC-3′) (Baghat and Virdi, 2009 ). The final concentration of primers in the PCR reaction was 0.2 μM for ystB. The PCR reaction was carried out under the following conditions: an initial denaturation at 95°C for 5 min, 34 cycles of 95°C for 10 s (denaturation), 55°C for 15 s (annealing) and 70°C for 1 min (extension) (Baghat and Virdi, 2009 ). The PCR products (146 bp) were visualized by ethidium bromide staining on 1.8% TBE agarose gel. Mass values are for 1 μg/lane. A 50-bp DNA ladder (Biolabs, New England) was used to determine the size of PCR product.
Heat treatment
One strain isolated from raw milk ( b a p t i z e d YHK261) was chosen for further characterization because of its unusual heat resistance. This strain was aseptically transferred to 100 mL Brain Heart Infusion Broth (BHI Conda, Spain) and incubated at 30°C for 24 h. 1 mL was sub-cultured in 100 mL BHI at 30°C for 18 h. At the stationary phase, cells were recovered and the culture was adjusted to a final colony count of 10 8 CFU mL -1 . Heating temperatures of 55, 60 and 65°C were chosen based on previous studies reported in literature (Pagán et al., 1999) . The vials containing 100 mL of sterile BHI were placed in water-bath heated at the preselected temperature (e.g. 55°C). The vials are fixed so that the broth is totally submerged in the bath. The sample temperature during treatment was monitored using a thermometer (IsoLab GmbH, German) placed in another vial containing 100 mL of BHI simultaneously placed in the water bath with the first one, and to minimize any risk of contamination. In a first step, a bacterial suspension was introduced into the heating medium. Samples were removed periodically and immediately placed in icewater. Each cooled sample was serially diluted in 9 mL of sterile physiological saline (0.9% NaCl w/v). During the third step, dilutions cascade was performed. Direct counts were obtained by plating in duplicate from the dilution series onto trypticase soy agar (TSA Conda, Spain). After incubation at 30°C for 24 h, plates were examined for typical colonies of Y. enterocolitica. The number of colony forming units (CFU) on agar plates was converted to log10 CFU g -1 . Each experiment was carried out in duplicate at each temperature.
The slope was obtained for each plot of log10 of surviving cells mL -1 against time using linear regression analysis Log10 D (T). The estimate of thermal resistance was obtained by fitting the linear regressions of the log10 number of surviving cells at each time interval. D values are the absolute value of the inverse slope of the regression line. These D values, in minutes, were used to fit plots of log10 D value versus temperature. To fit the models to the experimental data, the GraphPad PRISM (GraphPad Software, San Diego, CA, USA) was used. D values for Y. enterocolitica were calculated using the average slope for a given treatment. The value of the inverse slope obtained by plotting log10 D value versus temperature represents the Z value.
Antibiotic susceptibility testing
Y. enterocolitica isolates were examined for their susceptibility to b-lactam and non-b-lactam antibiotics. Antimicrobial susceptibility was determined by the standard disk diffusion method of Bauer, using Mueller-Hinton agar (Singh and Virdi, 2004a) and antibiotic disks were purchased from Pasteur Institute, Algeria. The plates were incubated (24 h at 37°C) and resistance was recorded via visual examination. Different antibiotics were tested (Table 2) , including ampicillin (AM), amoxicillin (AMX), amoxicillin/clavulanic acid (AMC), oxacillin (OX), penicillin (P), ticarcillin/clavulanic acid (TCC), cefazolin (CZ), cefoxitin (FOX), ceftriaxone (CRO), ceftazidime (CAZ), cefotaxime (CTX), amikacin (AN), kanamycin (K), gentamicin (GM), tobramycin (TM), nalidixic acid (NA), ciprofloxacin (CIP), imipenem (IMP), trimethoprim/sulfamethozole (SXT), clindamycin (DA), colistin (CT), fusidic acid (FA), rifampin (RA), piperacillin (PI), aztreonam (ATM), chloramphenicol (C), streptomycin (S), tetracycline (TE), fosfomycin (FF) and erythromycin (E). Resistance to an antibiotic was confirmed using standard disk diffusion method. Break points to establish resistance were selected based on SFM recommendations for Enterobacteriaceae (Bonnet et al., 2010) .
RESULTS AND DISCUSSION
Among one hundred analyzed raw cow milk samples, seven were contaminated by Y. enterocolitica. Seventeen isolates were identified as Y. enterocolitica. Contaminated milk are from five regions: Amieur, Mansourah, Ouled Mimoun, Sebdou and Tlemcen. The greatest number of positive samples was obtained from Ouled Mimoun farms (42.85% with n=7). All the isolates were biotyped by biochemical tests and detection of the virulence genes confirmed their biotype as 1A. The results concerning phenotypic and biochemical characterics of Y. enterocolitica strains isolated from west Algerian raw milk are summarized in Table 1 .
The thermal death curves at the three treatment temperatures and the D values are shown in Figure 2 . The corresponding D 55 , D 60 and D 65 values were 1.34, 0.85 and 0.62 min, respectively. These values were determined experimentally and Figure 3 shows how Z-value was determined. Z value was strongly elevated: 29.98°C.
The raw milk contamination frequency by Y. enterocolitica obtained in this study (7%) was higher than that reported in other studies, 1.6% in Iran (Soltan-Dallal et al., 2004) and 1% in Nigeria (Okeke and Okwori, 2014) . Therefore, the assessment of Y. enterocolitica virulence indicators does not need to be restricted to the detection of plasmid-localized genes of virulence, but requires, at least, one chromosomal virulence-associated gene to be present (Ye et al., 2014) . The ystB gene is present in all strains of biotype 1A, similar results were also found by Platt-Samoraj et al. (2006) and Jamali et al. (2015) . Some researchers believe that these strains ystB+ are pathogenic to humans and can cause local outbreaks Virdi, 2004b, 2005) . The study of Singh and Virdi (2004b) indicated that the ystB gene is widely distributed in Y. enterocolitica biotype 1A strains and production of Yersinia stable toxin Yst-b produced by biotype 1A strains is the major contributor to diarrhea. The presence of ystB gene was often associated with clinical cases and represents a risk that should not be ignored. Our results show that it is possible to detect (Bhagat and Virdi, 2009 ). This study suggests that minor changes in the temperature of the milk treatment will greatly influence the survival of Y. enterocolitica and that mild temperatures are sufficient for the elimination of this microorganism as compared to others such as Mycobacterium avium subsp. paratuberculosis, Coxiella burnetii and bacterial spores (Pearce et al., 2012) . Augmenting the temperature from 55 to 60°C would r e d u c e the D values 1.6 fold, a time-temperature combination of 0.85 min at 60°C is required to achieve one log reduction in Y. enterocolitica, the equivalent time at 65°C was 0.62 min.
This study provides D T and Z values required to eliminate Y. enterocolitica and reduce the microbiological risk related to this microorganism without harming the organoleptic and nutritional quality of milk. Outbreaks caused by Y. enterocolitica strains have been reported after consumption of pasteurized milk (Ackers et al., 2000) however some heat resistance studies indicate that these strains are unable to survive to the pasteurization suggesting that their presence in pasteurized milk is either due to post-pasteurization contamination or under-processing (Greenwood et al., 1990) . Y. enterocolitica can multiply at temperatures as low as 4°C (Bottone et al., 1999) . Its presence in pasteurized milk, which is generally stored at refrigeration temperatures at the dairy, in the retail chain and at home, may have public health significance.
In Algeria, there is very little research related to food contamination by Y. enterocolitica. There are no reports of its presence in raw c o w ' s milk, pasteurized milk, or milk derivatives. Notably, it is usual in this country to prepare dairy products from unpasteurized milk, although this food can be a vehicle of pathogens to humans. This work shows the potential of public health risk in Algeria regarding infections transmitted by raw cow's milk. Therefore, consumers are adviced to mild heat their milk before consumption to avoid the pathogenic Y. enterocolitica risk in raw milk or even in pasteurized milk.
Antibiotic susceptibility is of great importance. The results shown in Table 2 indicate that all the tested Y. enterocolitica strains (17/17) were susceptible to 13 antibiotics: Amikacin, Chloramphenicol, Ciprofloxacin, Gentamicin, Kanamycin, Naldixic acid, Streptomycin, Fosfomycin, Tetracyclin, Impinem, Piperacillin, Tobramycin and Trimethoprim/Sulfamethozol. Similar patterns of susceptibility were observed among strains isolated from pig tonsils in Switzerland, southern Germany as well as in human strains (FredrikssonAhomaa et al., 2009; Bucher et al., 2008) . Piperacillin is a representative of ureidopenicillins with a broad scope of antibacterial activity. In the studies of Kot et al. (2008) , 77.8% of Y. enterocolitica strains were found to belong to biotype 1A.
In veterinary medicine, treatment with antibiotics of penicillin group such as amoxicillin/clavulanic acid, ticarcillin/clavulanic acid, oxacillin, amoxicillin, ampicillin and piperacillin is frequent. The literature cites assessments of Y. enterocolitica susceptibility to Amoxicillin, as well as Amoxicillin/Clavulanic acid. In this study, resistance to Ampicillin was shown in all the 17 isolates. Ampicillin showed strong bactericidal activity towards a wide range of microorganisms; however, Y. enterocolitica strains are in general resistant to this antibiotic. Ampicillin resistance due to production of β-lactamases is well described in the literature (Bucher et al., 2008) . We found no susceptible strains and only 1.94% of strains to be intermediately susceptible to Ampicillin. Singh and Virdi (2004a) found 100% of strains to be resistant, which is also confirmed by results from other authors (Rastawicki et al., 2000) . The combination of ampicillin with clavulanic acid significantly broadens the scope of activity and increases the percentage of susceptible strains. In the present study, all strains were fully resistant to amoxicillin/clavulanic acid and ticarcillin/clavulanic acid. The study of Singh and Virdi (2004a) (Rastawicki et al., 2000) . It may be concluded that in this study, the strains of Y. enterocolitica isolated from milk varied greatly in terms of their in vitro susceptibility to β-lactam antibiotics. Y. enterocolitica strains were found to be relatively highly resistant to Cephalosporins and most Penicillins. It is deemed necessary to systematically monitor the Y. enterocolitica strains susceptibility to antibiotics.
Due to Y. enterocolitica wide spread particularly in dairy product, inappropriate antibiotic treatment and prophylaxis, as well as antibiotics overuse in human and veterinary medicine, may lead to the development of resistant strains to one or several groups of antibiotics (Vose et al., 2001) . Bacteria have wide mechanisms to develop antibiotic resistance, therefore it is important to systematically assess their susceptibility to individual antibiotics, thus enabling selection of an optimal treatment and preventing drug resistance spread among bacteria (Caprioli et al., 2000; Fredriksson-Ahomaa et al, 2009 ). The improper use of antibiotics in the developing countries like Algeria may be the main cause of high resistance rate in local Yersinia isolates.
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Most importantly, preventive measures such as reasonable antibiotherapy must be adopted to avoid increasing resistance to antibiotics of Y. enterocolitica. Moreover using antibiotics as growth promoters must be prohibited.
Conclusion
This study provides data on the occurrence of Y. enterocolitica in raw milk in Western Algeria and their resistance ability to antibiotics. The risk due to the presence of Y. enterocolitica in raw milk is not insignificant. It highlights the role of raw milk and dairy derivatives as a transmission vehicle of potentially pathogenic Y. enterocolitica strains that can transmit antibiotic resistance to the intestinal flora. However, Y. enterocolitica is easily eliminated by heat treatment at mild temperatures of about 65°C.
